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EVALUATION OF A TER1VIINAL STERILIZATION PROCESS FOR UNMANNED LANDERS 

Introduct ion 

This pro jec t  "Evaluation of a Terminal S t e r i l i z a t i o n  Process fo r  

Unmanned Landersa* was i n i t i a t e d  a t  the  request of the  Planetary Quar- 

an t ine  Off icer  during the Spacecraft  S t e r i l i z a t i o n  Technology Seminar 

held i n  Atlanta ,  Georgia on Apr i l  15-16, 1970, The conduct of t he  work 

i s  being j o i n t l y  undertaken by FDA, Cincinnat i ;  CDC, Phoenix; and the  

Space C r a f t  Bioassay Laboratory, K,S,C. The development of the  plans 

and t h i s  progress report ,  however, ac tua l ly  represent  t he  time and 

e f f o r t s  of a la rge  number of people including the s t a f f  of the Plane- 

t a r y  Quarantine Office,  t he  Planetary Quarantine Advisory Cormnittee, 

consul tan ts  t o  t h i s  Committee, and cont rac tors  t o  the  Off ice ,  

During the  course of the  work, i t  has become apparent t h a t  the  

objec t ive  of the  project  has two d i s t i n c t  and independent face ts :  

A, Development of an  experimental system t h a t  i s  

capable of de tec t ing  the  acceptable leve ls  of 

contamination, 

B o  Se lec t ion  of an appropriate  bioburden for  t he  test  

system, 

. T h i s  repor t  i s  concerned with P a r t  &a, 

I, OBJECTIVE 

To determine i n  as d i r e c t  a manner as possible  i f  t h e  s t e r i l i z a -  

t i o n  cycle  proposed fo r  unmanned landers w i l l  m e e t  the  cons t r a in t  t h a t  

the  contamination w i l l  be  equal t o  or  l e s s  than 1 x 10 organisms -3 



L a  

(a = 0,Ol) when challenged with a bioburden cons is t ing  of t h e  types 

and numbers of organisms expected t o  be  found on the  landers im- 

mediately a f t e r  assembly, 

11, A PLAN TO TEST TERMINAL STERILIZATION CYCLES FOR UNMANNED LANDERS 

The purpose of a terminal s t e r i l i z a t i o n  cycle f o r  unmanned landers 

i s  t o  insure,  with some probabi l i ty  a9 t h a t  no more than one space- 

c r a f t  i n  one thousand w i l l  have t e r r e s t r i a l  contamination, This o r i -  

g ina l  statement has been modified t o  mean t h a t  type of terrestrial 

contamination which i s  l i k e l y  t o  survive on Mars. Some hypothetical  

conditions and growth r e s t r a i n t s  have been suggested by the  Space 

Science Board of t h e  NASNRC, The present study was designed t o  tes t  

terminal s t e r i l i z a t i o n  cycles on a laboratory sca le ,  

This study i s  composed of two major elements t h a t  include a thermal 

source and u n i t s  used t o  simulate the  spacecraf t  o r  p a r t  of t he  space- 

c r a f t ,  Large numbers of u n i t s  w i l l  b e  required fo r  t h i s  study, For 

t h i s  reason, it was decided t o  simulate t h e  hea t  cyc le  t o  b e  expected 

i n  the  por t ion  of t h e  c r a f t  having the  most thermal i n e r t i a ,  S t a i n l e s s  

s t e e l  cups have been chosen f o r  convenience i n  handling. S t a i n l e s s  

s t e e l  s t r i p s  or  some other similar configuration would be j u s t  as good 

i f  they could be  handled a s e p t i c a l l y ,  

The sequence of t e s t s  i s  a l s o  a cons t r a in t  i n  t h e  experimentation 

s ince  it i s  an t i c ipa t ed  t h a t  t h e  t o t a l  number of experimental u n i t s  

w i l l  exceed 20,000. 

of samples. 

ovense This i s  c l e a r l y  too expensive, The tests can be run i n  one 

Each test takes a week including the  incubation 

They could be set up so one u n i t  i s  heated i n  each of n 



3,  

oven in a sequential manner (iceop one cup at a time), This has the 

advantage that tests on highly resistant bioburdens will end quickly, 

However, more than 6,000 tests will be needed to successfully examine 

one terminal sterilization cycle, 

at one a week, 

It would take more than 100 years 

Both of the above procedures were deemed impractical, 

An alternative is to run large numbers of units in the oven at 

one time, The present capacity of the equipment developed for this 

study is 2,088, The main objection to this is that independence of 

cups is necessary in order for the statistical test to be valid, 

This assumption was satisfied by the two procedures noted above as 

each cup was to be heated independently of the others. However, the 

system composed of oven and cups can be used to determine the efficacy 

of heat cycles in short time, 

pendence assumption for this system, 

It will be necessary to test the inde- 

The project is expected to progress through the following steps: 

1, 

2, Determine that sterile cups can be handled aseptically, 

Run sufficient samples to determine that the background 

contamination, if any, is less than 1 x 10 e 

Testing of oven to program heating cycles, 

-3 

3 ,  Test for independence of cups, 

4 ,  Test bioburden(s1 with terminal sterilization cycle(s), 

Suggested numbers of observations to carry out 2, 3, and 4 above are 

given in the next section, 



111. SUGGESTED OUTLINE FOR EVALUATION OF THERMAL STERILIZATION CYCLE 

The system described above w i l l  produce r e s u l t s  t h a t  are recorded 

This occurs when t h e  growth medium i s  poured as pos i t i ve  or negative, 

i n t o  the  cups a f t e r  heating and growth o r  no growth i s  observed. 

these  b i n m i n a l  responses are independent, t h e  following equation can 

be  used t o  determine the  number of negative r e s u l t s  required, 

I f  

= al 
e -@ 

a - probabi l i ty  t h a t  n negative r e s u l t s  would occur when 1 -  where 

t h e  concentration i s  1 p e r  cup 

= concentration of organisms per  cup 

n = number of cups 

This function i s  l i s t e d  i n  T a b l e  1 and p lo t t ed  i n  Figure 1 f o r  

= al = 0,001, then n = 6908 negative cups th ree  values of 

must be  observedo This means t h a t  t he re  i s  only one chance i n  one 

thousand t h a t  t he  t r u e  concentration could be  higher than 

An a l t e r n a t e  problem i s  a l s o  of i n t e r e s t ,  

are observed i n  n t r ia l s ,  Equation (2) shows the  r e l a t i o n  between 

concentration $a and a l eve l ,  

I f  1" 

Suppose x pos i t i ve  r e s u l t s  

1 

Thi requi res  a 

n-x 

1 
@-e- = a  

r ia l  and e r s o r . s o l u t i o n ,  However, i f  a and n are 1 
fixed, t he  number of possible so lu t ions  is reduced, 

With t h e  use of (1) and (2) above, it now i s  poss ib le  t o  examine 

a tes t  sequence f o r  terminal hea t ing  cycles,  An o u t l i n e  of suggested 



s t eps  i s  given i n  Figure 2. 

considered, F i r s t ,  it i s  desired t o  examine t h e  technique with 

s ter i le  cups t o  insure  t h a t  background contaminatinn i s  below the  

), = 0,001 l eve l  required i n  t h e  f i n a l  .test, The next s t e p  i s  t o  

test  f o r  independence of cups before t h e  heat ing cycles  are examined, 

Plans can b e  constructed t o  allow fo r  decis ions a t  several  s tages  of 

t he  experiment , 

Three d iv is ions  of the experiment a r e  

A t  t h i s  point the  number of possible  choices f o r  var iab les  should 

be  considered s ince  they a f f e c t  t he  so lu t ion  t o  the  problem. 

these  va r i ab le s  are l i s t e d  below: 

Some of 

1, Type of spore or  spores used as a bioburden. 

2 ,  I n i t i a l  load of bioburden ( i e e e 9  1 x 10 or organisms 6 

per cup), 

3, Heating cycle.  

a, Temperature (125°C) 

b. Corrected t i m e  of heat ing a t  temperature ( t  ). 
P 

-3 4 .  Desired endpoint concentration ( 1  x 10 ). 

5, Probabi l i ty  l e v e l  f o r  confidence l i m i t s  (a), 

The r a t i o n a l e  fo r  1 and 2 are not  i n  the  province of the s t a t i s t i c i a n  

but have a marked e f f e c t  on the  r e s u l t ,  

on what i s  most l i k e l y  t o  be on the  spacecraf t  and the i n i t i a l  load 

The choice of spore(s)  depends 

a l s o  depends on the  expected spacecraf t  load, 

t u r e  f o r  t he  heat ing cycle  i s  set a t  125OC but the  t i m e  a t  temperature 

( t p )  i s  subjec t  t o  change, The same i s  t r u e  f o r  the  probabi l i ty  l eve l  

of the  confidence l i m i t s  (Q:) which i s  not f ixed,  A value of Q: = 0805, 

A t  present, t he  tempera- 
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0.01, and 0,001 was used t o  compare the  magnitude of numbers required 

i n  t h e  study, The endpoint concentration w i l l  be assumed a s  one 

organism pe r  thousand uni t s .  

I n  Figure 2 i t  i s  f f r s t  necessary t o  perform a test  on s ter i le  

cups t o  determine i f  ascept ic  technique i s  used, 

the endpoint i s  1 x lom3* 

n equal 2996, 4606, or  6908 cups would be  needed, with a l l  r e s u l t s  re- 

ported negative, i n  order t o  v e r i f y  t h a t  the  background i s  not too 

high t o  Fnter fe re  with the  s tud ie s ,  The r e s u l t s  fo r  a = 0 , O l  are 

suggested fo r  t h i s  study. I f  e i t h e r  0 or  1 negatives i s  allowed,- 

then n must be 6630 a t  t he  a = 0,Ol leve l ,  

be  t e s t e d  i n  an oven a t  once, t h e  procedure must b e  repeated four 

t i m e s  

A s  s t a t e d  above, 

I f  t h e  a l e v e l  i s  0,05, 0.01, o r  0,001, then 

Since only 2088 cups can 

The second s t e p  i n  the  test  sequence (Figure 2)  i s  t o  examine t h e  

independence assumption, This can be accomplished i n  severa l  ways, 

One of the  procedures i s  given below, It i s  necessary t o  perform a 

preliminary t e s t  on the  oven using a spore of known thermal r e s i s t ance  

and Baci l lus  s u b t f l i s  can be  used fo r  t h i s  purpose, A l l  cups a r e  t o  be  

when one-half of t1/29 inoculated with these  spores and held f o r  t i m e ,  

a l l  cups are negative, MYIPN estimates from each of t he  12 rows i n  the  

oven are used t o  determine i f  gross d i f fe rences  occur within var ious  

p a r t s  of t h e  oven. I f  t h e  r e s u l t s  appear  uniform,then 100 cups p e r  

she l f  a r e  t o  be  randomly chosen.and inoculated, 

300 con t ro l s  are t o  be heated t i m e  t 

a p l a t e  count per  cup, The d i s t r i b u t i o n  of t h e  counts i s  then t o  be  

These 300 cups and 

and processed so as t o  obtain 112 
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examined by anX2 . .  goodness of fit test. If this test is not signifi- 

cant, then we will continue to assume that the independence assumption 

is valid, At this point the heating cycles can be examined, 

It is expected that several choices of bioburden at differing 

No doubt more than one t will be initial loadings will be tested, 

suggested, However, the number of units required to test the end- 

point, A = 0,001, with confidence level CX = 0.01 will still be 4606, 

P 

If all 4606 cups are negative for a given initial loading of a bio- 

burden heated for a t 

estimate of %\ at level CX = 0,Ol can be obtained when positive cups 

then the cycle will be deemed useful. An 
PJ 

are observed, 

mate of its relative merits can still be noted, 

Even if the heating cycle is not sufficient, an esti- 

The 4606 cups would be run in five batches to allow half the 

cups in each run to serve as controls, Thus, a process can be evalu- 

ated as follows: 

a, It meets the required standard, 

b, It does not meet the standard but an estimate of ), 

for the same cx used in the test is presented, 

It is not necessary to assume that any of the spores follows the log 

linear model, The test is to determine if sufficient inactivation has 

taken place at time t so that there is only one chance in one thousand 

that the concentration is A = 0,001, 
P 

It is implied that the spores 

cannot be reactivated once they.reach Mars, 

IV, CURRENT STATUS OF EQUIPMENT AND EX~RIMENTAL 3ETHODS 

Equipment necessary for the evaluation of the terminal steriliza- 

tion cycles was designed, fabricated, and assembled in Cincinnati during 
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t he  f a l l  of 1970, Af te r  preliminary tests, t h e  equipment was delivered 

i n  January 1 9 7 1  t o  the  Spacecraft  Bioassay Laboratory for  fu r the r  test- 

ing  and use, 

The general  arrangement of the  test  assembly i s  shown i n  Figure 3. 

The oven i s  a commercially ava i l ab le  high temperature vacuum oven which 

has been equipped with the  following accessories:  

a ,  Temperature programmer 

b o  Temperature sensors 

c. Gas flow c o n t r o l l e r  

d, Gas flow monitor 

ea Moisture monitor 

The tes t  f i x t u r e s  (simulated spacecraf t s )  a r e  small s t a i n l e s s  

steel  cups i d e n t i c a l  t o  those used by t h e  Cincinnati  Laboratory i n  i t s  

pro jec t  on "The Ecology and Thermal Inac t iva t ion  of Microbes I n  and On 

In te rp lane tary  Space Vehicle Componentss" 

oven allows fo r  t h e  simultaneous exposure of 2,088 cups. 

The configuration of t he  

During November 1970 an employee from the  spacecraft  bioassay 

labora tory  w a s  temporarily assigned t o  Cincinnati  f o r  about a week t o  

l ea rn  the  techniques fo r  handling the  f ix tu re s ,  The t r a i n i n g  included 

p rac t i ce  i n  the  procedure fo r  rap id  inocula t ion  of t he  cups with micro- 

organisms, accounting fo r  ind iv idua l  cups during a l l  phases of handling, 

c u l t u r i n g  survivors a f t e r  hea t  treatment and i n  scoring cups f o r  surv i -  

vors,, With only s l i g h t  modification, these  techniques appear  t o  be  ap-  

p l i cab le  t o  the  present studyo 



V. PRELIMINARY EVALUATION OF SYSTEM 

In all of the work reported below, "dry" conditions have been 

maintained during the heating and cooling cycle by passing dry nitro- 

gen into the oven at a rate to allow complete change of gas approximately 

every 15 minutes, Commercially available dry nitrogen (MIL-P-27401B) has 

been found satisfactory without further treatment in that the moisture 

level measured at sterilizing temperatures is less than 0,001 micro- 

grams per ml, Temperature measurements of various parts of the oven 

were found to vary about 1/2OC, The temperature variation during 

cycling of the oven (on and off periods) is approximately the same. 

The first series of experiments was related to the integrity of the 

oven and the biobarrier, 

The oven was filled with 2,088 empty cups, sealed, the temperature 

raised to 150°C for a minimum of 6 hours, and allowed to cool to room 

temperature, The samples of the cups were then removed, nutrient 

media added to each cup, and allowed to incubate for 7 days, The 

cups were then inspected and scored for growth, Thus,far, three repli- 

cate experiments have been conducted, In the first and second experi- 

ment, no positives were observed, In the third experiment, two posi- 

tives were observed, These data were pooled and subjected to an appro- 

priate statistical analysis, The estimated level of contamination was 

found to be 0,003 or 3 contaminated cups in 10,000, Evaluation in 

terms of the constraint is not met, however, because there are 4 chances 

in 100 that the background contamination will exceed 0,001, or 1 contami- 

nated cup per 1000, Additional experiments are being carried out, 
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with modifications i n  technique, t o  determine i f  t h e  necessary 

cons t r a in t  can be  r ea l i zed ,  

I n  t h e  test  fo r  independence, the  oven was loaded with cups 

The oven w a s  run each containing 1 x 10 B, s u b t i l i s  varo * 

through the  heating cycle shown i n  Figure 4 except a t  a rate four 

t i m e s  as f a s t  as shown, which provided the  equivalent of approximately 

3-1/2 hours a t  125OC, 

each cup, 

as shown i n  Figure 5, 

pos i t i ve  samples observed i n  a t r a y  containing 29 cups, The small 

d i f fe rences  i n  the  estimated MPN between rows and shelves were found 

t o  b e  s i g n i f i c a n t  and, accordingly, not i n  keeping with t h e  cons t r a in t  

required i n  the  plan, Several changes are being made i n  t h e  oven re- 

l a t i n g  t o  the  i n l e t  and o u t l e t  of gas, t he  method of c rea t ing  turbulence 

i n  the  oven and i n  modification of t h e  hea t ing  cycle, i n  order t o  de- 

termine i f  t hese  cons t r a in t s  can be m e t ,  

6 - 

The samples were removed and media placed i n  

They were then incubated fo r  a period of 7 days and scored 

Each number recorded represents  t he  number of 
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Figure 2, Suggested work plan, 
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Oven Doors 

P lex ig las  Panels 

Stainless S t e e l  Perforated Work 
Surface 

-a 
Fj-gure 3 ,  General arrangement of b iobar r ie r  and oven 
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